The research and innovation in the field of computer and technology has made significant contribution for the development of new pedagogical strategies in all levels of education. The use of digital tools like animation has changed the way of providing education, especially in primary school level, adding an element of entertainment to the process of teaching and learning. It is assumed that the use of animated instructional material can help to present a complex concept in a simple form, create more interest about the subject, motivate the pupil for better learning, increase the accuracy of the message and play a crucial role in improving the students' academic performance. Against this background, the present paper attempts to assess the efficacy of animation on different subjects in primary education. Here, in the study, an experiment has been conducted using animation to teach three subjects Mathematics, Language and Science; and students' performance was compared and analyzed using fuzzy statistical tools.
Literature Review
For successful communication in the field of education, a teacher should facilitate enjoyment in classroom learning (Easingwood, 2000) . Animation has been effectively achieving this in modern day classroom. Studies conducted by various researchers prove it. Mayer (2008) after doing several studies came to the conclusion that cartoon animation is exceedingly successful in engaging its audience; even the most bizarre events are easily comprehended applying animation.
In traditional classroom setup, instructor often uses "chalk and talk" method for teaching. Usually, learner's attention in the traditional classroom is directed by the explanation of the instructor and the text or static diagram written on the blackboard. When students see a static diagram in the classroom, they may have to mentally animate it to understand how the system works. Whereas, if they view the same course content in animated form they merely have to perceive as it is. Mental animation depends on the prior knowledge of the mechanics as well as spatial ability (Hegarty & Kriz, 2008) .
A good animation can improve the quality of communication by focusing on specificity and accuracy of the message, paving way for swift integration of new information with prior knowledge of pupil. Thus, the students with a high level of prior knowledge are able to assess the "gaps" between the internal and external information they have. There are several reasons to believe animation could enhance the prior knowledge as well (Hegarty & Kriz, 2008) .
A study by Baylor and Ryu comparing the static images and animated versions of a learning agent, found that the animated versions were rated as being more "engaging and credible" (as cited in Rogers, 2008: p. 295 ). In his research, attempted to find out the reasons behind the efficacy of animation in supporting the learning process in two different circumstances, i.e., when animated agents are used as learning companions versus when they are used as virtual characters in an interactive narrative. In both the instances, it appeared that the use of animated agents results in a highly engaging user experience, enabling children to more readily understand what is being said, acted out and being asked for.
Animation can facilitate a deeper learning by providing multiple perspectives to complex concepts (Narayanan & Hegarty, 1998) . Schnotz and Rasch (2008) argues that animated pictures can also direct the observer's attention to important aspects of the display, convey procedural knowledge, demonstrate the dynamics of subject matter and allow explanatory learning through manipulating a displayed object. Even, Betrancourt & Chassot (2008) in their study on instructional uses of animation, found that animation promotes better understanding due to its visualization.
However, the level of impact of animation may not be the same on everyone in a classroom. "Learning with animation poses serious challenges to the human information processing system. Animation need not to be su-perior to static images always in promoting learning. The effectiveness of animation often depends on how it influences on the learners cognitive processing" (Mayor, 2008) . Many studies conducted by Mayer and Chandler (2001) show that the poor knowledge level students particularly get benefit from the addition of text to diagrams. Mayer (2008) compared the performance of two groups of students, low and high knowledge group, in learning a physics system either through the diagram alone or through the combination of diagram and text. His study concluded that the high knowledge learners were somewhat successful in understanding the systems from diagrams alone, low-knowledge learners scored higher on retention tests when they received both text and diagrams. An animation has the capacity to present the dynamic aspects of an issue directly and explicitly (as cited in Younger & Narayanan, 2008: p. 237 ).
However, a few researchers argue that the use of animation in a classroom can be detrimental to the learning process. Lowe has come up with a phenomenon called 'underwhelming' where there will be a negative effect on learning from animated graphics due to the insufficient processing of pictorial information (as cited in Betrancourt & Chassot, 2008: p. 148 ). Comprehension of an animated presentation may also be compromised if learners lack the conceptual and strategic skills required to extract the relevant information. He also found in his previous studies that, novice learners tend to apply ineffective strategies when interrogating the complex, interactive animation.
Significance of the Study
Researches done in the recent past are providing enough evidence to believe that the use of modern technological tools like animation is helping to facilitate students' academic performance, especially in primary educational level. However, the effectiveness of animation may vary from subject to subject depending on various factors. The current study focuses on this aspect. The study examines the efficacy of use of animation instructional material in facilitating students learning taking three different subjects-Mathematics, Science, and Language. It throws throws light to on the degree of improvement and differences in the students performance when students study different subjects using animation instructional material in elementary school. The findings also will enable to get several insights into the issues related to teaching and learning with animation. Furthermore, this will also help to set the right direction for designing and developing animated instructional material for primary education.
Objective of the Study
The study aims:
• To examine the effectiveness of animation in felicitating students learning in primary educational level.
• To compare and assess the students' academic performance when animation instructional material used to teach different subjects.
Research Hypothesis
The studies done by various researchers on animation show that it plays a positive role in improving learning among students. Animation helps to engage its audience (Mayer, 2008) . The use of animation in classroom will successfully involve students and motivate them for better teaching and learning. The use of animation help to memorize the course content better. Besides, it can provide a base for the reduction of cognitive load of the students as it can present a complex topic in a simpler form (Schontz & Rasch, 2008) . Therefore, when animation instructional material is used for teaching various subjects it should positive impact on the students' performance in all the subjects. Considering this, following hypotheses are formed for the study: H 0 : Animation will facilitate student's performance equally when it is used for teaching different subjects. H 1 : Animation will not facilitate student's performance equally when it is used for teaching different subjects.
Research Methodology

Research Design
The current study is undertaken using the experimental and observational method. In the experiment conducted, the students were divided into groups-experiment and control. In experimental group, animation instructional material used to teach the course. But in control group, traditional "chalk and talk" method was adopted. Per-formance of the students of in both the groups were compared. Naturalistic observational technique was used to understand the behavioral patterns of students in the classroom. Students' level of involvement in the study, difficulties faced while learning and their reaction to the teaching technique adopted was recorded and analyzed.
Sampling Procedure
In the current study cluster sampling technique was used. Students from two schools from Karnataka, a state of India were randomly selected for the study considering the diversity in the geographical area, educational standard, socio-economic condition and technological exposure of the primary school students. In the selected school, the experiment was conducted in the second, fourth and sixth standard. In each class, students were divided into two groups-control and experimental group, using simple random sampling technique.
Data Collection Tools
For the experimental study, three different subjects were randomly selected-Mathematics Language (Kannada) and Science. The animated instructional material was collected on these subjects from the pool of animated instructional material prepared by Ajim Premji foundation which is approved by the Govt. of Karnataka and currently being used in primary schools of Karnataka. In the selected subjects a particular topic was identified for the study considering the syllabus of second, fourth and sixth standard students. While selecting the topic and finalizing the animation instructional material, two primary school teachers were consulted to make sure that the selected topics match the syllabus and standard of current primary school education. During the course of the experimental study, for every subject in every class, two question papers, one for pre-test and another one for post-test was prepared separately. While preparing the question paper, care has been taken to make sure that the selected topics are covered in animation content as well. In both, pre-test and post-test, the difficulty levels of questions were same.
A qualified primary school teacher has conducted classes in the selected schools. The teacher has conducted the class using charts, games and chalks and talk method, which is appropriate to the concerned subjects in the control group. And, the same subject and topics were covered with the help of animation in the experimental group. Throughout the study, a single teacher had handled the class in the schools to maintain uniformity in teaching method and instructional materials used, and to avoid the possible influence of extraneous factors in the study. In both, control and experimental group, 45 minutes were given for pre-test and post-test and 2 hours for teaching. The maximum marks in each exam students could gain were 20.
Data Analysis Methods
A contingency table for the marks of pre-test and post-test for urban and rural students was prepared. The mean and standard deviation was calculated in every set, for both pre-test and post-test using IBM SPSS. In order to examine the effectiveness of the teaching method, in control and experimental group, the difference between pre-test and post-test scores were calculated and compared. And the testing of the hypothesis was done by using fuzzy set theory based statistical tools.
Significant of Fuzzy Based Statistical Tools
The inferential statistical tools are commonly used to predict the characteristics of a population or to test the hypothesis based on the random sample. Very often, these tools are used to determine the relationship between two independent populations. In testing of hypothesis using classical set theory-based statistical tools, it is presumed that available data are precise. But, in the real-world problems the collected data may have some ambiguities or uncertainties. There are two types of uncertainties-randomness and fuzziness. Randomness involves uncertainties related to outcomes of an experiment. On the other hand, fuzziness involves uncertainties due to imprecision/vagueness in the data.
To deal with the uncertainties incurred in the statistical analysis of a real-world problem, the researcher needs the tools those can gauge these uncertainties. Fuzzy set introduced by Zadeh (1965) has the capability to capture the uncertainty in measurement. Since the inception of fuzzy set theory, many researchers have worked on the "fuzzification" of the statistical tools. Grzegorzewski (1998) introduced a method for statistical inference about the median of a population based on fuzzy random variables (FRV). He demonstrated a straightforward generalization of some classical non-parametric tests for FRV (Grzegorzewski, 2004) . Arnold (1998) discussed the fuzzy hypothesis testing with crisp data. Casals and Gil (1989) proposed the Bayesian sequential tests for fuzzy parametric hypothesis from fuzzy information. Also, they considered the Neyman-Pearson type testing of hypothesis. Montenegro et al. (2001) presented a method to test the fuzzy means of a FRV. Akbari and Rezaei (2009) studied a bootstrap method for inference about the variance based on fuzzy data. Parchami et al. (2005) investigated a fuzzy version of some process capability indices when specification limits are fuzzy rather than precise.
In the current study, the hypothesis "Animation will facilitate student's performance equally when it is used for teaching different subjects," is tested by using fuzzy set theory based statistical tools. Here, it is considered (Tyagi and Akram, 2013) . All these reasons bring about a natural need for simple approximation of fuzzy numbers, such as triangular and trapezoidal, which are easy to handle. Therefore, in the present study, the triangular fuzzy number (a, b, c) 
Data Analysis and Interpretation
Details of the Study Results
The current study was conducted with the total sample size of 25 students belonging to different demographic backgrounds as shown in Table 1 . Table 2 demonstrates the average marks obtained by the students in the pre-test and post-test in different subjects like-Mathematics, Science and Language with the Standard Deviation.
Testing Hypothesis with Fuzzy Numbers
To test the hypothesis that "Animation will facilitate student's performance equally when it is used for teaching different subjects." performance in different subjects' the study was conducted on a sample of 25 students of two schools in an Indian state Karnataka. To measure the impact of animation on the academic performance of the students in different subjects, the average difference of their score in pre-test and post-test in control and experimental group was calculated. A comparison between the differences of scores of experimental group was made to understand the level of impact of animation on the students of three different subjects namely mathematics, science and language. Generally, if the difference between marks of the pre-test and post-test is different in each subject, the animation based teaching method has unequal impact in these subjects. Here too, it is presumed that the use of animation has a significant impact on improving the students' academic performance irrespective of their subject. The difference between scores of pre-test and post-test d M , d S and d L in mathematics, science and language, respectively, is expected to be different. However, this study also considers the fact that some extraneous factors too can contribute to this difference. These extraneous factors may include the psychological status of the student, their exposure to the technology, socio-economic background, the difference in the mode of teaching material used, etc. To capture this uncertainty incurred in the difference of their score, the present study employed a fuzzy set theoretic approach while testing the hypothesis. Table 4 .
In the present study, since the significance of impact of animation is being measured for three different populations, the one factor ANOVA is the most suitable statistical tool for hypothesis testing. Herein, the ANOVA model with fuzzy data will be used for hypothesis testing. As we know that the α-cut of the FRV is an interval, the one-factor ANOVA with fuzzy data will be converted into the two hypothesis testing of one-factor ANOVA models with crisp data termed as lower level model and upper-level model.
Further, let
L ij x and
U ij x will be the lower and upper interval values of the α-cut of TFN representing the fuzzy perception of difference of scores of j th member of the i th group. Using the arithmetic of intervals, the x  , respectively is computed for the intervals representing the α-cut of the TFNs as given in Table 3 and Table 4 for all the students in three groups as: 
Similarly, the sum of squared deviations for all observations within each group from that group mean, summed across all groups is obtained as follows: 
It is well established that the sum of squared deviations about the grand mean (SST) is equal to the sum of squared deviations for each group mean about the grand mean (SST G ) plus the sum of squared deviations for all observations within each group from that group mean, summed across all groups (SST E ) i.e. Table 5 .
From Table 5 , it can be observed that the lower and upper interval F-value F L and F U , respectively are greater than the critical F-value 3.1239 (one-tail) for all values of
. Therefore, the null hypothesis is rejected and the alternative hypothesis "Animation will not facilitate student's performance equally when it is used for teaching different subjects." is accepted even after considering all uncertainties due to imprecision and vagueness in collected data. 
Discussion
The study shows that in all three subjects students have improved their performance when they studied using animation. The final results (Table 2 ) of the study shows that students in the mathematics subject the students control group scored an average of 7.25 in pre-test and 8.75 in post-test. The difference (impact of traditional teaching) between the two tests is 1.5. While in the experimental group, where animation instructional materials were used in teaching, 7.32 was the mean score obtained by students in pre-test was and in post-test the average score was 9.48. The difference in scores between pre-test was slightly higher (2.16) when compared to control group. This indicates that animation has played a positive role in felicitating students learning in Mathematics. However, as shown in the Table 3 , there are significant variations in the marks obtained by the students even in experimental group. Only 88% of the students in experimental group have improved their marks when they studied using animation. Their score difference in pre-test and post-test is ranging from 1 to 5. Other 8% of the students did not record any progress, they obtained the same marks both in pre-test and post-test in experimental group. But, for the 4% students, the use of animation has negatively affected. Their performance has come down in post-test. As shown in Table 2 , in the science subject, the students who studied using traditional "chalk and talk" method, scored an average of 5.4 in pre-test and 9.25 in post-test. The difference (impact of traditional teaching) between the two tests is 3.85. In the experimental group, 5.88 was the mean score obtained by students in pre-test. In the post-test, their average score was 9.88. The difference in the scores between pre-test and post-test was 4, which is significantly higher compared to the control group. This shows animation has played crucial role in improving students' academic performance. When studying science subject 96% of the students have improved their performance and their mark difference between pre-test and post-test ranges from 1 -8. However, 4% the students got less marks, after studying with animation.
In Language (Kannada) the students belong to control group scored mean score of 6. The difference between the scores in these two test are 2.71. The students in experimental group recorded score of 8.36 and 11.44 respectively in pre-test and post-test respectively and the difference between the scores of these tests is 3.08. This shows students performed better when they used animation instructional material for their study. The analysis of the result also shows that 88% of the students got positive stimulus from animation and they have shown improvement of 2 -7 marks when they studied using animation. But, for 4% students, it did not make any difference. The study also reveals that 8% of the students performed poorly after studying with animation.
The hypothesis test done using fuzzy shows that even after considering the extraneous factors involved in the study, it is proved that animation is not facilitating student's performance equally when it is used in teaching different subjects. The analysis of the scores obtained by the students provides sufficient evidence for this. In Science subject, the score difference in pre-test and post-test was 4 when animation is used. But, in Language, it was 3.08 and in mathematics it was just 2.16. It clearly indicates that among the three subjects selected, animation had high positive effect on students' performance when they studied Science subject. Even though students performed better when animation is used to teach Mathematics, the degree of improvement was low when compared to other subjects.
The researcher observed during the course of the study that the students, especially of class second and fourth, while studying Mathematics were attracted by the animation instructional material used. As the mathematical problems were in the form of animated stories, students easily understood the subject. However, when they started solving the math problem they were relying mostly on use of fingers and other traditional techniques for calculation. In the language subject, the animation content were interactive, here every student had to click the right answer, in order to understand the proper use of various topics on grammar. Students enjoyed learning the Language subject with animation. However, here they were more curious to know the technicalities of interactive animation. In Science subject, where students have shown high improvement, the curriculum was encoded in the form of catchy rhymes. Teacher presented several topics with catchy rhymes and animation. Here, animation content helped the students to have proper visualization on complex science topics and catchy tunes enabled them to register the key words, concepts in students mind easily, which helped them to memorize in a better way.
Limitations and Scope of Further Research
The study has some limitations. The study has been conducted with a small sample size of 25 students. Animation material used in the experimental study was prepared by Ajim Premji foundation and was approved by govt. of Karnataka to be used in the schools of Karnataka. The researcher had hardly any control over the design.
This study was conducted on students of second, fourth, sixth standard; taking animation instructional content of mathematics, language and science subjects, as the sample. The study can be extended to every class and to various other subjects as well. Here in the study, it is observed that the use of animation does not have equal positive effect on students' academic performance in different subjects. However, the clear reasons for this are still unknown. It can be further studied extended using higher levels of statistical tools to identify the motivational, behavioral, cognitive, psychological and pedagogical factors influencing students while the animation is used in the process of teaching and learning.
Conclusion
With the help of computer-mediated communication techniques, especially by using tools like animation, teachers are able to give distinct learning experience to the students. In general, animation can help to present a complex concept in a simpler form, to create interest among the students, to motivate towards learning and to draw students' attention on particular subjects, which eventually facilitate better learning.
Use of animation can turn the students into active participants and co-producers of knowledge and enhance learning abilities of students in modern classroom set up and it can provide positive stimulus to students in most of the subjects they study. However, the degree of improvement in students' academic performance may largely depend on the design of the animated content and also on the mode of presentation of instruction material in the classroom.
